Understanding parental psychopathology interaction is important in preventing negative family outcomes. This study investigated the effect of paternal psychiatric history on maternal depressive symptom trajectory from birth to 12 months postpartum. Maternal Edinburgh Postpartum Depression screens were collected at 1, 6 and 12 months and fathers' psychiatric diagnoses were assessed with the Structured Clinical Interview for DSM-IV from 64 families. There was not a significant difference in the trajectory of maternal depressive symptoms between mothers with partners with history of or a current psychiatric condition or those without a condition. However, mothers with partners with substance abuse history had higher levels of depressive symptoms relative to those affected by mood/anxiety disorders or those without a disorder. Our results call for a closer look at paternal history of substance abuse when treating postpartum maternal depression.
Introduction
Depression is a serious illness that contributes to overall poor health. Women are especially at risk of developing depression during pregnancy and in the postpartum period, 1 which often results in decreased maternal well-being and a dysregulation of maternal behavior. 2 The etiologic explanation underlying the temporal relationship between the postpartum period and increased risk for depression is not completely understood; most of the research efforts have focused on issues internal to the postpartum woman, such as alterations in maternal hormones or changes in role expectations. [3] [4] [5] Much less effort has been placed on understanding the role of the father and the complex interplay between maternal and paternal mental health. [6] [7] [8] This study aims to understand the role of paternal psychiatric history on the trajectory of maternal depressive symptoms during the first postpartum year.
The role of fathers in the postpartum period is important as fathers can provide part of the mothers' network of social support by sharing in parental duties and helping with the transition into motherhood. 9 Lack of adequate social support tends to lengthen the distress caused by an episode of general depression. 10, 11 During both pregnancy and the postpartum period difficulties with social support are associated with greater symptoms of maternal depression. 12, 13 The relationship between the woman and her partner has been shown to have the most significant impact on maternal depression prenatally. 12 In addition, absent fathers, though interested, might not pursue a relationship with their children because of societal attitudes and stereotypes that discourage paternal involvement. 6, 14 This may generalize into the post-partum period, especially during the first year, as failure of fathers to provide support may increase severity and duration of a maternal depressive episode.
The birth of a child is also a major life event for fathers, as evidenced by the two-fold increase in paternal psychopathology in the postnatal period. 7, 15 Thus, fathers with psychopathology may exhibit impaired ability to support mothers. Fathers who do not currently have mental health symptoms, but have a history of psychiatric illness are at risk for reoccurrence and may also respond to the birth of a child by withdrawing support. Fathering may also be impaired by paternal depression and possibly other types of psychopathology. Father psychopathology can exacerbate the negative effects of a mother's depressive symptoms on offspring in some, 16, 17 but not all studies. 18 Thus, fathers both with and at-risk for psychopathology may influence the severity of depressive symptoms of the mother.
This study assesses whether the trajectory of maternal postpartum depressive symptoms is associated with the presence or lack of paternal risk for psychopathology. We hypothesize that mothers with partners who have a history of a psychiatric history will have an increased trajectory of maternal depressive symptoms overtime, regardless of their own depressive history. This study extends previous work by investigating how other types of paternal psychopathology, in addition to paternal depression, directly influence maternal depressive symptoms over the first year postpartum.
Materials and Methods

Sample
Participants were followed longitudinally from birth through the child's first birthday as part of a larger study on focusing on the impact of prenatal factors on offspring risk for mental illness for a total of 64 families. A power analysis determined adequate power such that a sample size of 64 has 80% power to detect an r²=0.30 (a medium effect size) attributed to an independent variable using an F-Test with =0.05. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation in compliance with by the Colorado Multiple Institutional Review Board. All research subjects provided informed consent prior to the inclusion in the study.
Recruitment into the current study was completed via two methods. First, using a state birth registry, women who recently birthed a child and resided in the greater Denver metropolitan region were contacted via mail soliciting interest in research projects. Interested women who returned a stamped postcard were contacted to provide additional information. This method recruited 36 women. This sample was also supplemented by pregnant women who were recruited by staff at a local county hospital. This method recruited 25 participants. The subjects and their infant offspring were recruited as part of a larger longitudinal study examining the impact of various prenatal maternal factors on infant's markers of risk for psychiatric illness. Three participants contacted our study personnel directly. While time of recruitment varied (pre vs. postnatal), and all study variables were collected postpartum and all postpartum study procedures were identical Additionally, there no demographic differences or differences in the psychiatric history between women recruited in pregnancy vs. the postpartum period (data not shown), thus all women were analyzed as a complete data set. Participants came to the laboratory at 1, 6 and 12 months postpartum with their infants. At these time points parents filled out various questionnaires for parental stress and depression as well as participated in infant assess- ment of development. Mothers and fathers also came once during this first 12 months to participate in a psychiatric interview. As this study is interested in whether the presence or lack of paternal risk for psychopathology affects the trajectory of maternal postpartum depressive symptoms during the first year postpartum, only participants with postnatal depressive symptom assessments at 1, 6 and 12 months and who were paired with fathers that participated in the psychiatric interview are included in this analysis. The sample from the current study did not differ on any demographic variables from the larger sample it was derived from (data not shown).
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Maternal depressive symptomology
The Edinburgh Postnatal Depression Scale (EPDS), 19 a widely used 10-item self report questionnaire, was administered to assess maternal depressive symptoms in the postpartum period. The mother was asked to choose the response that came closest to how she had been feeling in the previous 7 days. The responses were scored on scale of 0-3 with a minimum total score of 0 and a maximum score of 30. Those women who scored 13 and above were considered to be at high risk of experiencing depressive symptoms and is often the level used to evaluate clinical depression. 19, 20 The EPDS is widely used with a splithalf reliability of 0.88, and an internal consistency coefficient of 0.87. 21 This measure is effective in detecting depressive symptoms both pre and postnatally, 21 and within diverse populations. [21] [22] [23] The severity of maternal mood and depressive symptoms was evaluated during 1, 6 and 12 months postpartum.
Father risk for mental illness
The greatest predictor of risk for future psychiatric illness is a history of psychiatric illness. To obtain this lifetime and current history, the biological father underwent a Structured Clinical Interview for DSM-IV (SCID) administered by a clinically-licensed social worker with post-masters fellowship training in outpatient psychiatric care. The SCID is a semi-structured clinical interview used to collect alcohol/drug abuse and psychiatric history and current symptoms. Using the information gathered in the SCID, the father was given a diagnosis if they met criteria for an Axis I diagnosis at any time during their life; diagnoses were best-estimate diagnoses, defined as final diagnoses determined after review of all the clinical data obtained in the SCID. Thirty-one of the 64 fathers evaluated reached criteria for at least one Axis I diagnosis. The paternal diagnoses collected are listed in Table 1 . Only one of the fathers exhibited psychosis, thus it was not included in the analysis. Sixteen fathers met criteria for a lifetime diagnosis, while 14 fathers met criteria for a current diagnosis (present in the last month). Classically, it has been difficult to engage fathers and thus to maximize the number of fathers included this study, 24 we extended the period for paternal recruitment across the first postpartum year. On average, paternal SCIDs were completed at a mean of 20. 
Statistical analysis
Depression measured by EDPS can be examined as a continuous or dichotomous variable (cutoff of 13). 19, 20 To capture the full variability of depressive symptoms, EPDS scores were evaluated as a continuous variable. Pearson's correlations were used to examine the relationships between postpartum EPDS scores at the various time points. Probabilities reported are two-tailed and significance is established at P<0.05.
To determine the predictive utility of measures of paternal psychopathology, including timing of psychopathology and type of paternal psychopathology diagnosis on the trajectory of depression scores from 1 month to 12 months postpartum, slopes of depression scores on postpartum age were compared with a mixed effects regression analysis as discussed by Fitzmaurice et al. 25 To further investigate the suggestive, though not significant, results of paternal diagnosis timing on maternal on depression score levels from pregnancy to the postpartum period (see Results), mean scores were compared with a repeated measures analysis of variance (Fitzmaurice et al) . 25 These analyses were done with the SAS procedure MIXED. 26 As there was not a significant effect of paternal lifetime history vs. current diagnosis on trajectory of maternal depressive symptoms (see Results), further analysis included all lifetime and current diagnoses to create an evaluation of paternal lifetime history of mental health disorders on maternal depressive symptoms. In addition, none of the parental demographics collected, including age range, race, education, employment, marital status (Table 2 ) affected the analysis.
However, presence of lifetime maternal depressive history (29 out of 64 women) and substance abuse (14 out of 64 women) was controlled for in the following analyses.
Results
Sample characteristics
The mean age of mothers was 29.0 years (std=3.5) and the mean age of fathers was 30.0 (std=6.0). All other maternal and paternal demographics are included in Table 2 . Half of the mothers in this study were unemployed, including mothers who chose to be temporarily unemployed after the birth of their child.
Maternal depressive symptom characteristics
The minimum, maximum and mean EPDS scores at 1, 6 and 12 months postpartum are listed in Table 3 . Also listed is the percentage of scores that reached clinical significance of high depressive symptoms, using the EPDS cut-off of ≥13 for major depression. 19, 20 Correlation and general trajectory of maternal depressive symptoms A correlation analysis was used to evaluate maternal depressive symptoms throughout the first year postpartum. Table 4 contains Pearson correlation coefficients of EPDS scores taken at 1, 6 and 12 months postpartum. EPDS selfreport scores at all time points were significantly intercorrelated (Table 4 ). 
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Effects of timing (lifetime history vs. current diagnosis) of paternal mental illness on maternal depressive symptoms
There was not a significant effect of timing of Axis I paternal diagnosis (lifetime history, n=17, vs. current diagnosis, n=14) determined from the SCID on the trajectory of maternal depressive symptoms across the first postpartum year. The mixed effects regression model did not detect a significant slope of maternal depressive symptoms over time postpartum for mothers with partners who received a lifetime paternal diagnosis (slope=0.50, t=1.22, df=59, P=0.23), a current paternal diagnosis (slope=-0.36, t=-0.94, df=59, P=0.35) or did not receive a diagnosis (slope=-0.36, t=-1.25, df=59, P=0.22; Figure 1) There also was not a significant difference between slopes of the groups (Table 5 ). Group differences at each time point were also analyzed with a repeated measures analysis of variance. There was no significant difference between maternal depressive symptoms between the lifetime and no diagnosis groups at 1 month (t=-1.06, P= 0.29), 6 months (t=-0.98, P=0.33) nor at 12 months postpartum (t=-0.13, P=0.90). In addition, there was no significant difference between maternal depression between the current and lifetime diagnosis groups at 1 month (t=1.46, P= 0.15), at 6 months (t= 1.11, P=0.27) nor at 12 months postpartum (t=0.54 P=0.59). There also was no significant difference between the current and no diagnosis groups at 1 month postpartum (t= 0.68, P=0.50), at 6 months postpartum (t= 0.34, P=0.73) nor at 12 months postpartum (t=0.54 P=0.60).
Effects of existence and type of paternal mental illness on maternal depressive symptoms
Many of the fathers had a history of multiple psychiatric diagnoses. To address this situation and maximize the number of fathers within each diagnostic category, the fathers were hierarchically categorized into 3 groups: diagnosis with psychosis (n=1), followed by a mood/anxiety-related diagnosis only (n=20), and lastly a substance abuse-related diagnosis (n=10). Thus, twelve fathers, 2 with a specific phobia, 2 with major depressive disorder, 1 with minor depressive disorder, 1 specific phobia, 1 with bipolar disorder, 1 with specific phobia and generalized anxiety, 1 with major depression and specific phobia, 1 with major depression and social phobia, 1 with major depression and panic disorder, 1 with bipolar, agoraphobia and obsessive compulsive disorder, and 8 fathers had both a mood and substance abuse disorder. These 20 fathers were combined to represent mood/anxiety-related diagnoses and the last 10 fathers had diagnoses that consisted of substance abuse only. There was also one father with schizophrenia and agoraphobia, but as he was the only one to exhibit psychosis, he was excluded from the analysis. 48.4% of fathers met criteria for an Axis I diagnosis.
The mixed effects regression model detected a significant slope of maternal depressive symptoms over time in the postpartum period for mothers with partners who received a paternal substance abuse-related diagnosis (slope=0.33, t=1.26, df=59, P=0.02), but those who received a paternal mood-related diagnosis (slope=0.20, t=0.87, df=59, P=0.39), nor for mothers whose partners who did not receive a diagnosis (slope=-0.03, t=-0.43, df=59, P=0.79; Figure 2 ). In addition, a significant difference was detected between the slopes of these groups, such that mothers with partners who received a paternal substance abuse-related diagnosis had an increased trajectory of depressive symptoms relative to both those with a mood-related diagnosis (P=0.02) and those who without no diagnosis (P=0.02; Table 5 ).
Discussion
The current study evaluated the relationship between maternal depressive symptoms and paternal risk for psychopathology, independent of mother's own depressive history. We expected that mothers with partners at risk for mental illness would have more severe and prolonged maternal depression when compared with mothers with partners not at risk. While maternal depressive symptoms were correlated throughout the first twelve months postpartum, father's mental health moderated the course of these symptoms. Separate from maternal history of depression, a paternal substance abuse-related Axis I diagnosis was associated with augmented maternal depressive symptoms, relative to a paternal moodrelated diagnosis or no paternal diagnosis. However, the timing of paternal diagnosis (lifetime vs. current) did not affect maternal depressive symptom trajectory. This study goes beyond previous work to evaluate paternal mood and substance abuse disorders in the same population and strongly identifies paternal substance abuse-related disorder, a largely overlooked predictor in, as an important risk factor for worsening maternal depressive symptoms over the first year postpartum.
The psychiatric lifetime history of the father may be a critical piece in the regulation of maternal depression. According to father lifetime psychiatric interviews, 48.4% of fathers had a lifetime history of mental illness, replicating previous research suggesting that 50% of all Americans will meet criteria for an Axis I diagnosis during their lives. 27 While the history of a paternal psychiatric condition relative to current diagnosis, though not significant, was suggestive of a negative effect on depressive symptoms in mothers, the specific diagnosis was important in driving this relationship. Specifically, mothers (regardless of their own depression history) with partners with history of a substance abuse-related diagnosis had a progressive increase of depressive symptoms relative to mothers with partners with a mood-related diagnosis or mothers with partners without an Axis I diagnosis. This suggests that in the current sample, mothers' course of depressive symptoms worsened more so with paternal substance abuse symptoms. Paternal substance abuse is associated with a father's guilt and shame about has failure to fulfill his parental societal role. 28, 29 These feelings, coupled with substance abuse and societal norms, may cause fathers to avoid involvement with their children, 6,14 creating a family with an absent father. Thus, fathers with a substance abuse-related history may not provide the mother with social support, a strong predictor of maternal depression. 13 Thus, this study and others highlight the importance of Article Table 5 . Results of mixed models analysis predicting effects of existence and type of paternal mental illness on maternal depressive symptoms. Mothers with partners with substance abuse exhibited an elevated trajectory of maternal depressive symptoms during the first year postpartum. the negative effects of substance abuse on maternal mental health throughout the first year postpartum. It is unclear why substance abuse disorders may worsen a mother's depressive symptoms rather than a mood-related disorder. Substance abuse disorders have negative effects on family functioning and can have devastating financial and legal consequences for parents. 30, 31 Thus, substance abuse symptoms are detrimental to overall maternal mental health. In addition, there is a strong link between alcohol dependence and depression and research has shown that men use substance abuse to mask psychiatric illness or may experience substance-induced mood disorders. [32] [33] [34] Thus, substance abuse may increase the risk that men's psychopathology may go undiagnosed and untreated. Substance abuse has also been related to various personality disorders in men as well as to depression and suicide. 35 Though not measured with the SCID which was used in the current study to evaluate paternal mental health, it is possible that personality disorders may account for the adverse effects of father psychopathology on maternal depressive symptoms. Measuring paternal personality disorders in conjunction with substance abuse in future studies would elucidate this question. However, based on our results of the detrimental effect of substance abuse on maternal depressive symptoms; the need to evaluate paternal substance abuse history when assessing maternal depression is evident.
Timing of paternal diagnosis
Paternal and maternal psychopathologies are often intertwined. While paternal substance abuse alone can predict poor child developmental outcomes, 28 the interaction between maternal depression and father substance abuse can also interact to predict the development of depression and externalizing behavior problems in offspring. 6, 15 This interaction between maternal depression and paternal substance abuse has been associated with high levels of family stress relative to each parental disorder alone. 6 Fathers with substance abuse have specific characteristics that may contribute to this elevated level of stress. They have been found to father more children and have fewer resources relative to fathers without this disorder. 28, 36, 37 In addition, it is likely that fathers and mothers with substance abuse are subject to assortative mating. The high rates between partners with cooccurring substance abuse disorders have been well documented. 38, 39 Thirteen of the 64 of mothers in the current study met criteria for a substance abuse diagnosis, at a rate much lower than that of the fathers who met diagnosis (20.3% vs. 48.4%). Of those mothers who obtained a substance abuse diagnosis, almost half also had partners also with a substance abuse diagnosis (7 out of 13 women).
Concomitant substance abuse diagnoses amongst couples likely have an effect on maternal depression. Partners with co-occurring substance abuse spend more time involved in drug use, exhibit decreases in relationship satisfaction and overall demonstrate poor psychological functioning. 38, 40 These changes are particularly noteworthy as the relationship between a mother and her partner is a strong predictors of maternal depression. 1, 12, 41 It may be that paternal and maternal substance abuse are contemporaneously affecting maternal depressive by lowering healthy relationship functioning and/or increasing codependence in substance abuse related activities. However, even when the cofounding variable of maternal substance abuse is accounted for in our analysis, paternal substance abuse is still a significant predictor of maternal depressive symptom trajectory. Our results extend previous research by demonstrating that paternal substance abuse alone can directly have a negative effect on maternal depression.
In the current study, women with partners with a substance abuse disorder had an increasing maternal depressive symptom trajectory across the first year postpartum. However, due to small numbers of lifetime and current subgroups (16 vs. 14, respectively), we were not able to analyze each diagnosis type (mood vs. substance abuse) by timing of diagnosis. It is possible that specific types of current paternal mental health diagnoses might be more relevant to maternal depressive symptoms than vulnerability or that the assessments weren't completely independent of maternal functioning overtime. One way to address this limitation would be to collect maternal and paternal mental data at the same time points. Although this was not the case, the current study did identify important results pointing to the negative consequences of paternal mental health history on maternal functioning. In addition, while 48.4% of the fathers who participated exhibited history of psychopathology, we only had only 64 fathers, representing a limited range of diagnosis. In addition, while employment history was not associated with psychopathology and the majority of fathers in this study were unemployed. This may reflect an overall lower functioning population which may contribute to the elevated levels of psychopathology reported in this study. As a next step, a larger sample size of greater psychosocial diversity should be obtained so that associations of specific paternal psychopathologies (depression vs. anxiety vs. substance abuse) and maternal depressive symptom trajectories can be reliably tested. However, this data suggests that fathers who have developed a substance-abuse related disorder at one point in their lives negatively influence maternal postpartum depression beyond that of the initial perinatal period.
While most parental depression research focuses on mothers, our findings support a role for paternal involvement. Previous research indicates that paternal involvement may offset some of the well known negative effects maternal depression on child outcomes. Fathers without mental health disorders can buffer the impacts of maternal depression on infant outcomes. 42, 43 Increased quantity of father-child interactions is also associated with fewer behavior problems in children and better school performance. 44, 45 However, the quality of these interactions must be high to overcome the negative effects of a depressed mother relationship as maternal depression is highly linked to father-infant interactions. 44, 46 Due to the possible buffering effects of positive father involvement on the depressed mother-child pair, evaluating how paternal risk for psychopathology, especially parental substance abuse, affects maternal depressive symptoms should be further evaluated.
Conclusions
In summary, our data support the notion that providers may benefit from taking a closer look at father involvement and paternal mental health status. Particularly it highlights the need to look beyond of women's depressive past at the lifetime history of paternal substance abuse of her partner when evaluating and treating maternal depression. By understanding the effects of paternal risk for substance-abuse on the trajectory of maternal depressive symptoms, valuable empirical data can be gathered to support early intervention of both paternal and maternal psychopathologies that could potentially have positive effects on healthy child development.
